THE SPECIFIC HEAT OF MILK AND MILK DERIVATIVES
BY B. W. HAMMER AND A. R. JOHNSON.*
In a great many dairy processes where hea, t is used, the amount and intensity of the energy necessary to gain a certain endproduct are very important. These factors are important not only because heat, like material commodities, is an item of expense, but also, because too great an intensity of tempel'alture, or too prolonged an application, may cause serious chemical and physical changes in the substance worked with.
The amount of heat which it takes to raise unit weight of a substance unit temperature depends, first, upon its chemical nature and, second, upon its physical state.
The ratio between the number of calories required to raise a given weight of a substance through a given tempera, ture interval, and the number of calories required to raise the same weight of the standard substance through the same temperature interval is called the "specific heat" of the substance. Water is always the standard substance and so the specific heat of a substance is the number of calories required to raise one gram or one pound one degree Centigrade or Fahrenheit, respectively.
The heat capacity of a substance is obviously its specific heat multiplied by the quantity of the substance.
The heat capacity of a system is the sum of the heat capacities of all the substances in the system.
It is particularly important to bear in mind that the specific heat of a substance is not the same at all temperatures, though for most substances the changes are not great so long as the substance remains in the same physical state. But for different substances, or for the same substance in different physico-chemical conditions, the specific heats are very different. This makes specific heat a very important factor when handling large quantities of any substance which must be raised or lowered in temperature, and especially when the time and cost elements enter.
Persons interested in milk and milk derivatives who have to deal with great quantities of these materials upon narrow margins, both financially and in the matter of temperature control, face the necessity of a knowledge of all factors of any considerable magnitude.
In pasteurizing it is desirable to know the amount of heat required to bring a definite amount of milk or cream from the 'Formerly Assistant Professor of Physical Ohemistry. Iowa State College.
t.emperature at which it has been delivered or held up to the temperature used in pasteurizing, as well as the amount of refrigeration required to cool the same material down to a temperature satisfactory for storage or for inoculation. Although the losses which constantly occur, and which depend on a number of factors, prevent the exact computation of the amoun: · of heat or refrigeration through a knowledge of specific heats alone, still, the exact experimental values are of great importance in calculating the cost of pasteurization, particularly when large quantities of material are being handled. The increasing use of pasteurization, both in plants selling milk, and in plants manufacturing butter, or ice cream from pasteurized cream, makes the specific heat values of increasing importance. In calculat-' ing the cost of storing butter, and hardening ice creams the respective specific heats are also essential.
Prof. M. Mortenson of the dairy section of the Iowa Agricultural Experiment Station has recently called attention to the importance of the specific heat of the mix in ice cream work. Aside from the question of cost of hardening, the specific heat of the mix is apparently of significance in its effect on the palate, the sherbets and low fat ice creams with a higher specific heat seemingly tasting colder than ice creams carrying considerable fat and accordingly having a lower specific heat.
APPARATUS DESIGNS.
In the prosecution of the work on the specific heat of milk and its derivatives herein described, two designs of specific heat apparatus were evolved. In both the electric current is used for heating,' but with one a variable voltage may be used, while with the other a very constant voltage is necessary.
. In appa!ratus' No; 1, for variahfe voltage, fig.  1 , the outer insulating walls (1) of the -a, pparatus consist of pressel1
. 5-. cork, such as is used in the construction of refrigerators and thermostats. In the cylindrical cavity (2), which may be gouged out with a sharp paring knife, is the copper (or glass) calorimeter vessel (3) (Diam.= 6.25 cm. Height=S.75 cm.) for holding 100 gms. of sample; (4) is another copper vessel (D=4.7 cm. H.=S.l cm.) with a capacity of 100 gms. of water in which is immersed an electric light bulb and a thermometer to which a stirrer is attached. The vessel is arranged with a tight fitting cap having a bayonet c·atch. Leads from the electric lamp pass up through a fibre or glass tube (5) which also serves as a handl e for the whole vessel and its contents which we may call the " heater." The upper portion (6) of the cork insulating vessel has cut through it a cylindrical hole just a trifle greater in diameter and deeper than the heater. Between the upper and lower portions of the cork container is a heavy asbestos board partition (7 ) the middle third of which is a slide that may be r eadily inserted or withdrawn.
OPERATION OF THE APPARATUS.
The operation of the apparatus is as follows: 100 gms. of milk is weighed in the vessel (3) which is placed in the cork thermostat. A thermometer (S) r eading to .1 degree C. is then inserted. 'l'he electric current is turned on the heater (4) and this allowed to come to a suitable t emperature outside of the thermostat. If the temperature of th e milk is 20 degree C. it will be sufficient to heat the heat er to about 45 degrees C. It is then placed in the cavity (9) and allowed to come to a condition such tha. t radiation takes place r egularly, the thermometer (S) is r ead, and when t.he mercury of the thermometer (10) comes to a chosen mark the heater is dropped down into the liquid in the calorimeter vessel. The liquids of both vessels are agitated regularly until the thermometer (S) shows the maximum rise of temperature. Results are gotten for ,,-ater and the substance in hand for the same range of temperature. 'fhe specific heat of the substance is inversely proportional to the temperature rise, the rise being compared with tllat of water under like conditions. Corrections for radiation and the water equivalent of the calorimeter must of course be appli ed.
THE SECOND APPARATUS.
Apparatus No.2 for constant voltage is shown in fig. 2 , which is a cross-section drawing of a very satisfactory apparatus, not only for milk but for any liquid which is not appreciably volatile at ordinary temperatures. Part (1) is a Dewar flask supported in a wooden base and provided with a hollow wooden cover (2) . This cover is attached to a clamp which slides up or down on the rod (3) . From the cover of the vessel a small, narrow shank, 8 C. P. electric lamp projects down into the calorimeter vessel (4). The calorimeter vessel if; made of thin copper or glass as desired, with a capacity of 500 c. c. Smaller vessels may, of course, be used. The Dewar vessel should be about 12.5 centimeters internal diamter and 15.0 centimeters deep. The bottom is provided with a cork false bottom and small cork pyramids for 454 the calorimeter to rest Fig. 3 upon. A stirrer (5) in the form of a propeller may be clamped on to the lamp and the whole rotated by a motor belted to the pulley (6), or a reciprocating stirrer may be provided. A good recipr00ating stirrer of fine wire gauze soldered on two concentric wire rings is shown in fig. 3 . The two holes are for admitting the lamp and thermometer. If a Dewar flask is not obtainable a oork thermostat may be provided as shown in the accompanying photographs fig. 4 and fig. 4a . Such a thermostat has been used by the authors and found to give very satisfactory results. As shown diagrammatically in fig. 2 , the lamp is connected in series with a storage battery, ammeter and switch. A voltmeter is placed across the lamp.
DETERMINING THE SPECIFIC HEAT.
The specific heat of a liquid may be determined by either of two methods: a weighed sample of water is placed in the calorimeter, the temperature noted on the thermometer (7), the current turned on for say five minutes, <and readings of the temperature taken every minute. (Stop-watch used.) The same procedure is then gone through for an equal weight of the substance whose specific heat is desired. Corrections for radiation are best obtained by allowing the apparatus to cool for the same length of time, within the same temperature range, as was devoted to the heating, and adding this value to the rise 455' Fig. 4 in temperature obtained by heating five minutes. If working below room temperature there will be a gain in temperature, on standing five minutes with lamp off, which must be subtracted from the reading obained by heating five minutes. The specific heat of , the substance is then found by comparing its temperature rise with that of distilled water. (Equal weight. ) By the second method the respective amounts of electrical energy expended on , the substance and water to raise them the same temperature may be compared by multiplying the drop across the lamp (voltage) into amperes into time and dividing by 4.26 to reduce to calories. If the source of electric energy gives a constant voltage, the first two terms, drop and amperage, will be constant and we may compare the time terms only. SPECIFIC HEAT OF WHOLE MILK.
The samples of milk used in the tests were from the composite milk delivered at the Conege creamery. The fat content varied from 3.4% to 4.9 %, most samples having about 4.3%. Nbout 15 hours elapsed between the time the milk was drawn Fig.4a from the cows and the time of the tests. After the milk was delivered at the creamery the samples were kept in the refrigerator.
The averaged results for the various temperatures have been plotted in the form of a curve. (See fig. 5.) Though the changes in the specific heat of milk between 15.0° C. and 60.0° C. are not great; still there is shown by our data a fairly pronounced maximum at about 30.0° C. Some of the reasons for this will be discussed later. The creams used were sweet and were separated from composite milk in the morning and kept in a refrigerator until evening when the measurements were carried out, A series of de- .£58 terminations was made on each sample over quite a wide range and generally up to about 60· C. In the course o()f the measurements on creams it was found that apparent specific heats considerably above 1.000 were often encountered. This peculiarity of cream was also noted by Fleischmann. The authors' data for 33.5 %, 30%, 27 %, 15% and 60 % creams have been obtained under very definite conditions and the r esults averaged; from the averages the curves . shown in fig. 5 have been plotted and these will be discussed later. The 60 % cream was first heated, as it was very viscous at room temperature. Three samples of butter taken from the churning on three different occasions, and containing the ordinary amounts of curd, salt, water and fat gave the following results: The value" for ordinary butter are considerably higher than for pure fat. This is in part due to the presence of considerable quantities of water.
SPECIFIC HEAT OF BUTTER FAT.
Butter fat carefully prepared in accordance with the specifications of the official method gave the following results: Samples of practically pure but ter fat were also prepared by taking freshly churned butter, placing it in a large separatory funnel, and keeping it in a thermostat at 43 0 C. so as to allow the fat, curd and water to separate by gravity. Water was added several times, shaken with the melted fat, and allowed to separate and then drawn off. Next fused calcium chloride was added and the melted fat thoroughly dried,then filtered. The ' average valne between ;~OO and 60 0 C. for four samples thus treated was 0.507. At 30 0 C. it was 0.485 and at 60 0 C. 0.530.
DISCUSSION OF' RESULTS.
A review of the literature on the work hitherto carried out by several investigators on the specific heats of milk, cream and butter reveals fairly close agreement in the results for the specific heat of milk, but for butter and cream the results of the same and different investigators are greatly at variance. (See appended list.) In the case of creams there is no consistency whatever in the results.. Fleischmann's results obtained with a very ela:borate apparatus, and r epresenting a vast amount of labor, cannot be put together so as to show consistent relation-ships between the specific heats and the variable factors of temperature, fat content, and physico-chemical conditions of creams.
To show that there are indeed definite relationships between the above factors, and co-ordination where at first appear only capricious results, we have plotted in the form of curves results obtained in the course of our experiments.
The curves on fig. 5 show the values at various temperatures, for whole milk, creams containing different amounts of fat, butter, and butter fat. The solid ' lines represent results obtained experimentally while the dotted lines, except in the ca e of the 20 % and 45 % creams, represent values that it is impossible to obtain experimentally with our apparatus on account of the viscosity of the creams and the solidifying of the butter and butter fat at the lower temperatures. It will be seen that the values for 15% cream have been obtained almost down to 0.0° O. and that the values for 30% cream have been obtained down below 15.0°. The rises in the case of the 45 % and 60% creams have been assumed to be proportional to the fat content and the same assumption has been made with regard to the fall of the various curves. The reason for constructing these curves on assumptions only is to make possible the compilation of the results given in table V. Heretofore it has been customary to use a certain vahle for the specific heat of milk or cream without paying any attention to the temperature range over which the material is to be heated or cooled. This is obviously wrong because the range plays a very important part from the standpoint of the apparent specific h eat value, and for that reason table V' was prepared, although it is recognized that certain of the' values may be in error because of the Hssunlptions that have beenoonecessary. In addition to giving the values a, t certain temperatures the table gives the values over various ranges; these were obtained by averaging the values for every 3° O.
The curves may be divided into three parts as indicated by the vertical lines A, B , 0 and D. Over the range from 0 to D we obtain what is no doubt the true specific heat of the various materials. From 0 to B there is a very grea.t rise and t he specific heat is abnormal-only an apparent specific heat, however. Butter fat is composed of a number of constituents which melt at different temperatures and the abnormal values for specific heats include the latent heats of fusion of the components of the fat. The wide temperature range over which we find a high specific heat is in close agreement with the variations in the results that have been obtained for the melting point of butter fat by various investigators. For many practical purposes the apparent specific heat is of as great value as the true specific heat . provided the value obtained for a particular temperature interval is obtained while applying the heat at such a rate that all of the material meltable in that particular range becomes entirely melted and equilibrium is established. Fleischmann obtained results as high as 1.58 for a 26% cream. Th)'lse values were probably obtained because of the method employed, which consisted of dropping into the sample a copper cylinder heated to 100 0 C. All of the r eadily meltable substances n ext to the cylinder would be quickly changed to the liquid state, possibly even decomposed to some ext ent, and, especially if the stirring was not very rapid, an abnormal result would be expected.
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The third portion of the curves, A to B, is particularly interesting because of the marked drop in the specific heat. The values near the freezing point of water are of importance in their bearing on the question of the r elation of the specific heats of ice cream mixes to the effect on the palate. An ice c~eam very rich in fat would not only have a low specific h eat at low tem- -------------------Cream ------------------ peratures, but as is apparent from the very great slopes of the specific heat curves and the high maximum reached, it would absorb heat rapidly with an increase in temperature. From the data obtained and disregarding other factors it appears that an ice cream carrying considerable fat, when first coming in contact with the warm palate and tongue would give a sensation that was not disagreeably cold. Then as the temperature increased, because of the absorption of heat by the fusion of the fats, the mass would be automatically maintained cold longer than it otherwise would remain. In short there is no sensation of extreme coldness but still the mass remains cold for a longer time than if smaller amounts of fat were present. On the other hand, with low fat ice creams and sherbets, there is a sensation of extreme coldness when the material is first taken into the mouth, but the mass soon warms up.
As before stated table V gives the results obtained in this study. Values are given for the various materials at 0·, at 15·, at 40·, and at 60· C. and over the ranges from O· to 15', from O· to 40' , from O· to 60' , from 15' to 40·, from 40· to 60', and from 15· to 60' C.
